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1
SEPARATOR FLUID COLLECTOR AND
METHOD

CROSS-REFERENCE TO RELATED
APPLICATIONS

The present application is a national stage application of
PCT Pat. App. No. PCT/US2011/023593, filed Feb. 3, 2011,
which claims priority to U.S. Patent Application Ser. No.
61/303,273, which was filed Feb. 10, 2010. The priority appli-
cations are hereby incorporated by reference in their entirety
into the present application.

BACKGROUND

Centrifugal separators are a class of density-based separa-
tors, which swirl a fluid flow to separate liquids from gases
therein, dense liquids from less-dense liquids, and/or solids
from fluids. The separated components may be received by a
collection “belt,” which may be disposed around the separa-
tor, and may drain the separated components from the sepa-
rator. Collection belts are usually axisymmetric and may
allow the separated components to travel many times circum-
ferentially around the separator before actually exiting the
collection belt through a drain. This may lead to undesired
splashing, re-introduction of the separated components back
to the fluid flow being separated, and/or limitations on flow
capacity. Solutions to these problems include making the
collector region sufficiently large so as to accommodate
maximum anticipated amounts of the separated components,
and/or positioning the collection belt far enough away from
the inlet thereof'so as to limit re-introduction due to splashing;
however, these solutions can limit throughput and may fail
during off-design conditions. Another solution includes using
a non-axisymmetric, volute-shaped collector; however, such
geometries require expensive and time-consuming fabrica-
tion. Thus, there is a need for an improved collection belt that
does not suffer from these and other drawbacks.

SUMMARY

Embodiments of the present disclosure may provide an
exemplary collection apparatus for a separator. The exem-
plary collection apparatus may include a housing at least
partially encircling a flow separation passage and defining a
chamber and a cutout, the chamber being in fluid communi-
cation with the flow separation passage to receive a separated
flow therefrom, and the cutout extending outward from the
chamber to at least partially deflect the separated flow.

Embodiments of the disclosure may further provide an
exemplary separation method, including separating a first
component of a fluid from a second component of the fluid in
a density-based separator, directing the first component of the
fluid to a chamber of the separator such that the first compo-
nent flows vortically along an interior wall that at least par-
tially defines the chamber, at least partially deflecting the first
component of the fluid flowing along the inner wall with a
cutout extending outward from the interior wall such that the
deflected first component is received in the cutout, and drain-
ing the deflected first component from the cutout.

Embodiments of the disclosure may also provide a fluid
separator, including a drum having a fluid inlet end, a fluid
outlet end, and at least partially defining a flow passage ther-
ebetween through which a fluid flows, a housing at least
partially surrounding the drum and having an interior wall
defining a substantially toroidal chamber and a radial slot
communicating with the chamber and the flow passage of the
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drum, the chamber adapted to receive at least some of the fluid
from the drum via the slot, the interior wall further defining
first and second cutouts extending outward from a center of
the chamber, and a drain coupled to the housing, fluidly
communicating with the chamber, and tangentially disposed
in relation to the interior wall.

BRIEF DESCRIPTION OF THE DRAWINGS

The present disclosure is best understood from the follow-
ing detailed description when read with the accompanying
Figures. It is emphasized that, in accordance with the stan-
dard practice in the industry, various features are not drawn to
scale. In fact, the dimensions of the various features may be
arbitrarily increased or reduced for clarity of discussion.

FIG. 1 illustrates a side sectional view of a separator, in
accordance with one or more aspects of the disclosure.

FIG. 2 illustrates an enlarged side sectional view of cham-
ber of the separator, in accordance with one or more aspects of
the disclosure.

FIG. 3 illustrates an axial sectional view of the exemplary
separator along line 3-3 of FIG. 1, in accordance with one or
more aspects of the disclosure.

FIG. 4 illustrates a diagrammatic view of'a chamber cutout,
in accordance with one or more aspects of the disclosure.

FIG. 5 illustrates an enlarged partial side sectional view of
another chamber cutout, in accordance with one or more
aspects of the disclosure.

FIG. 6 illustrates a flowchart of a method for separating a
first component of a fluid from a second component of the
fluid, in accordance with one or more aspects of the disclo-
sure.

DETAILED DESCRIPTION

It is to be understood that the following disclosure
describes several exemplary embodiments for implementing
different features, structures, or functions of the invention.
Exemplary embodiments of components, arrangements, and
configurations are described below to simplify the present
disclosure; however, these exemplary embodiments are pro-
vided merely as examples and are not intended to limit the
scope of the invention. Additionally, the present disclosure
may repeat reference numerals and/or letters in the various
exemplary embodiments and across the Figures provided
herein. This repetition is for the purpose of simplicity and
clarity and does not in itself dictate a relationship between the
various exemplary embodiments and/or configurations dis-
cussed in the various Figures. Moreover, the formation of a
first feature over or on a second feature in the description that
follows may include embodiments in which the first and
second features are formed in direct contact, and may also
include embodiments in which additional features may be
formed interposing the first and second features, such that the
first and second features may not be in direct contact. Finally,
the exemplary embodiments presented below may be com-
bined in any combination of ways, i.e., any element from an
exemplary embodiment may be used in any other exemplary
embodiment, without departing from the scope of the disclo-
sure.

Additionally, certain terms are used throughout the follow-
ing description and claims to refer to particular components.
As one skilled in the art will appreciate, various entities may
refer to the same component by different names, and as such,
the naming convention for the elements described herein is
not intended to limit the scope of the invention, unless other-
wise specifically defined herein. Further, the naming conven-
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tion used herein is not intended to distinguish between com-
ponents that differ in name but not function. Further, in the
following discussion and in the claims, the terms “including”
and “comprising” are used in an open-ended fashion, and thus
should be interpreted to mean “including, but not limited to.”
All numerical values in this disclosure may be exact or
approximate values unless otherwise specifically stated.
Accordingly, various embodiments of the disclosure may
deviate from the numbers, values, and ranges disclosed herein
without departing from the intended scope. Furthermore, as it
is used in the claims, the term “or” is intended to encompass
both exclusive and inclusive cases, i.e., “A or B”is intended to
be synonymous with “at least one of A and B,” unless other-
wise expressly specified herein.

FIG. 1 illustrates a side sectional view of a separator 100,
which may be a centrifugal rotary separator, according to one
ormore embodiments of the present disclosure. The separator
100 generally includes a centrifugal separation zone 111, a
casing 107 including a liquid collection housing 115 disposed
around (i.e., at least partially encircling) the centrifugal sepa-
ration zone 111, and a drain 132. In one or more embodi-
ments, the centrifugal separation zone 111 may be a rotatable
drum 111. Although the term “liquid” may be used herein to
describe various components of the separator 100, this termi-
nology not to be considered limiting, as the separator 100 may
be any type of separator, and may be, for example, configured
to separate gases from liquids, solids from liquids or gases,
dense liquids from less-dense liquids, dense gases from less-
dense gases, or any combination thereof.

A separation passage 104 may be defined in the casing 107
and the drum 111, such that a source of fluid 102 is fluidically
coupled thereto. As such, a fluid flow may enter the separator
100, specifically the drum 111, via the separation passage 104
from the source 102, as schematically depicted by arrow 600.
In one or more embodiments, the source of fluid 102 may be
awell, a pipeline, or any other source. The fluid flow 600 may
be separated into high and low density flows 602, 604, respec-
tively, as will be described in greater detail below. Addition-
ally, although the fluid flows 600, 602, 604 are shown in the
top half of the separator 100, it will be readily apparent that
the fluid proceeds radially around the separator 100, and thus
will flow through the lower half as well.

In one or more embodiments, the separator 100 may
include a shaft 106, which may be disposed partially or com-
pletely in the casing 107. The shaft 106 may also extend
through and outside of the casing 107. The drum 111 may be
coupled to the shaft 106 via a hub (not shown) or any suitable
coupling device and/or using any coupling process. The drum
111 may also have an inlet 111¢ and an outlet end 1114, with
the separation passage 104 partially defined in the drum 111
between the inlet 111¢ and the outlet end 1114.

Additionally, in one or more embodiments, a rotary mecha-
nism 109, such as a turbine, engine, motor, generator, and/or
the like, may be coupled to the shaft 106, and may be adapted
to rotate the shaft 106 about axis X to drive the separator 100.
In one or more embodiments, however, the rotary mechanism
109 may be omitted, and forces arising from the interaction
with the fluid flow 600 with various components of the sepa-
rator 100 in the separation passage 104 may be used to rotate
the drum 111. Furthermore, in one or more embodiments, the
drum 111 may be omitted, with the separator fluid passage
104 formed between the housing 115 and a static inner wall,
which although not depicted, may be similar to an inner
surface 111a of the separation passage 104.

The liquid collection housing 115 may have a generally
toroidal interior wall 134 defining a tubular liquid collection
chamber 105. The liquid collection chamber 105, being at
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least partially defined by an interior wall 134, may also be
toroidal as well as tubular. It will be appreciated that other
geometries for the interior wall 134 and/or the liquid collec-
tion chamber 105 may be employed without departing from
the scope of this disclosure. The separator 100 may define an
entrance 150 to the liquid collection chamber 105. In one or
more embodiments, the entrance 150 may be positioned
proximal an edge 114 of the drum 111, with the edge 114
being disposed at the outlet end 1114 of the drum. The sepa-
ration passage 104 may fluidly communicate with the liquid
collection chamber 105 via the entrance 150. The liquid col-
lection chamber 105 may be fluidly coupled to the drain 132,
such that liquids, solids, dense gasses, or the like received in
the liquid collection chamber 105 may be removed therefrom.
The liquid collection housing 115 may also define a plurality
of cutouts, for example, a first cutout 1384, a second cutout
1384, and a third cutout 138¢, defined in the liquid collection
housing 115 and extending outward from the liquid collection
chamber 105. It will be appreciated that any number of cut-
outs may be disposed in the liquid collection housing 115,
with the description herein of the separator 100 including
three cutouts 138a-c being just one example among many
embodiments contemplated herein.

The cutouts 138a-c may be formed in any manner, such as
by milling, casting, or the like. In one or more embodiments,
the cutouts 138a-¢ may extend continuously around the liquid
collection chamber 105 (i.e., around the axis X), or may be
discontinuous and separated by uncut portions. In other
embodiments, the cutouts 138a-c may be discontinuous and
separated by additional cutouts 138a-¢ that may be, for
example, circumferentially offset or staggered in relation to
the cutouts 138a-c. In at least one exemplary embodiment, the
first cutout 138a is adjacent to the second cutout 1385, which
in turn is adjacent to the third cutout 138¢, thereby forming
corners where the first, second, and third cutouts 138a-c meet
at the interior wall 134.

FIG. 2 illustrates an enlarged side sectional view of the
liquid collection housing 115. Although the three cutouts
138a-c are shown immediately adjacent to each other, in other
embodiments, the cutouts 138a-c may be circumferentially
spaced apart around the liquid collection chamber 105. Fur-
ther, the cutouts 138a-c may span from about 20% to about
100% of a circumference of the liquid collection chamber 105
defined by a minor diameter 220. For example, the cutouts
138a-c may extend outward from the liquid collection cham-
ber 105 between two points of the interior wall 134, thereby
spanning a cord 221 of the interior wall 134. The cord 221
may be from about 50% to about 100% of the minor diameter
220 in length. In other embodiments, the cutouts 138a-c may
span a different length or percentage of the minor diameter
220. In one or more embodiments, the cutouts 138a-c may be
formed extending along any percentage of the interior wall
134.

As shown, the entrance 150 may be formed by aligning the
edge 114 of the drum 111 with a slot 150a cut or otherwise
formed in the liquid collection housing 115. The slot 150a
may have any width, and may also be described as a truncated
side of the toroidal interior wall 134. The edge 114 may
extend past a part of the slot 1504, as shown, thereby obstruct-
ing a portion of the slot 150a. In other embodiments, the edge
114 may be flush with an edge of the slot 1504, such that the
slot 150a is unobstructed by the drum 111. In one or more
embodiments, the edge 114 of the drum 111 may be posi-
tioned at any number of locations so as to provide a desired
entrance 150 size.

FIG. 3 illustrates an axial sectional view of the separator
100 along line 3-3 of FIG. 1. The drain 132 may have a
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diameter 301 and may be coupled to the liquid collection
chamber 105 to receive and remove separated liquids, solids,
and/or gases therefrom. The diameter 301 may be approxi-
mately equal to the minor diameter 220 of the of the liquid
collection chamber 105, and may be tangentially disposed
with respect to the liquid collection chamber 105. Further, the
drain 132 may be disposed, or “clocked,” at an angle 305 with
respectto a horizontal centerline 310 of the separator 100. For
example, the angle 305 may be defined by the angle at which
the drain 132 is tangent to the liquid collection chamber 105.
In one or more embodiments, the angle 305 may be from
about 20 degrees, about 30 degrees, or about 40 degrees to
about 50 degrees, about 60 degrees, or about 70 degrees. For
example, the angle 305 may be about 45 degrees. In other
embodiments, the drain 132 may be disposed at different
angles 305 with respect to the liquid collection chamber 105.
Further, an interior surface 510 may define a radial inside of
the liquid collection chamber 105. The interior surface 510
may be substantially annular and disposed around the central
axis X. In other embodiments, the drum 111 may provide the
interior surface 510.

FIG. 4 illustrates a sectional view of a cutout 138, which
may be any of the cutouts 138a-c¢ described above with ref-
erence to FIGS. 1 and 2, or may be a different cutout. The
cutout 138 may have an arcuate outer wall 405 and an edge
420, both extending from the interior wall 134. In one or more
embodiments, the edge 420 is flat, i.e., in cross-section it is a
straight line, substantially free from curvature. It will be
appreciated, however, that the cutout 138 extends around the
axis X (FIG. 1), and, as such, despite being described as “flat”
or “free from curvature” it will be appreciated that the edge
420 may extend circumferentially as well. The arcuate outer
wall 405 may meet the interior wall 134 at an angle 410. In
one or more embodiments, the angle 410 may range from
about 5 degrees, about 7 degrees, or about 9 degrees to about
11 degrees, about 13 degrees, or about 15 degrees. For
example, the angle 410 may be about 10 degrees. In other
embodiments, the angle 410 may be significantly larger or
smaller than 10 degrees, as desired.

A radius Rc of the liquid collection chamber 105 may
extend from a center 425 thereof to the interior wall 134. The
arcuate outer wall 405 may have a length that ranges from
about 35%, about 45%, or about 55% to about 65%, about
75%, or about 85% of the radius Rc. For example, the length
of'the arcuate outer wall 405 may be about 60% of the radius
Re.

The edge 420 may extend from the interior wall 134 and
connect to the arcuate outer wall 405. The edge 420 may meet
the interior wall 134 to form an obtuse angle, as shown,
although the angle may also be a right or acute angle. Having
an obtuse angle, however, may provide the cutout 138 with
additional cross-sectional area proceeding radially outward.
In one or more embodiments, the edge 420 may connect to a
terminus of the arcuate outer wall 405, as shown; however, in
various other embodiments, the edge 420 may connect to the
arcuate outer wall 405 at other locations, leaving, for
example, an overhung portion of the arcuate outer wall 405
(structure not shown). In one or more embodiments, the edge
420 may meet the arcuate outer wall 405 at an acute angle, as
shown, such that the edge 420 may act as a lip or scoop, but in
other embodiments may meet at any angle. The length of the
edge 420 may range from about 5%, about 7%, or about 9%
to about 11%, about 13% or about 15% of the radius Rc. For
example, the length of the edge 420 may be about 10% of the
radius Re.

FIG. 5 illustrates another embodiment of the liquid collec-
tion chamber 105. The liquid collection housing 115 may
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define one or more cutouts (five are shown: 520a-¢) extending
from the interior wall 134 outward from the liquid collection
chamber 105. The cutouts 520a-¢ may be substantially rect-
angular in cross-section, having a first side 525, a second side
530, and a third side 535 that meet at approximately a 90
degree angle.

The cutouts 520a-¢ may each extend a depth from the
interior wall 134 into the liquid collection housing 115. For
example, the depth of cutout 520e may be the average length
of'the first and third sides 525, 535. The depth of each cutout
520a-e may be constant or may vary among the cutouts 520a-
e, and, further, may be held constant in a given cutout 520a-¢
or vary within a given cutout 520a-e. In one or more embodi-
ments, the depth of the cutouts 520a-¢ may range from about
5%, about 7%, or about 9% to about 11%, about 13%, or
about 15% of the radius Rc. For example, the depth of at least
one of the cutouts 520a-c may be about 10% of the radius Re.

In one or more embodiments, the second side 530 of each
of the cutouts 520a-¢ may be the same distance from the
interior surface 510. Accordingly, the depth of each cutout
520a-e may vary around the liquid collection chamber 105. In
one or more embodiments, the interior surface 510 may be a
portion of the drum 111, or may be a part of the interior wall
134, or may be a separate structure.

Each of the cutouts 520g-¢ may be separated from an
adjacent cutout 520a-e by a portion of the interior wall 134.
The portion of the interior wall 134 separating each adjacent
cutout 520a-¢ has a thickness 540 that may be uniform
between each cutout 520a-e or may vary. Further, each of the
cutouts 520a-¢ may themselves vary in thickness, i.e., the
length of, for example, the second side 530 of a given cutout
520a-e, proceeding around the central axis X (FIGS. 1 and 3),
which may cause the thickness 540 of the interior wall 134
portions between adjacent cutouts 520a-e to also vary. The
thickness 540 may range from about 2%, about 3%, or about
4% to about 6%, about 7%, or about 8% of the radius Rc. For
example, the thickness 540 may be about 5% of the radius Re.

Referring again to FIG. 1, during operation of the separator
100, a fluid flows to the casing 107 via the separation passage
104 in a direction shown by solid arrow 600. The fluid
includes a high-density component and a low-density com-
ponent, it being appreciated that the description of “high” and
“low” is relative between the two components and may
encompass any density range. Either or both of the first and
second components may include gases, liquids, and/or par-
ticles of solids, such as dirt, sand, gravel, metal, or the like.
For example, the fluid may include a liquid and a gas, two or
more liquids having two or more different densities, or two or
more gases having two or more different densities.

In one or more embodiments, the fluid flows through the
drum 111 via the separation passage 104. If provided, the
rotary mechanism 109 rotates the shaft 106, and thus the drum
111, around axis X, thereby separating the fluid into a high-
density flow 602 and a low-density flow 604. The high-den-
sity flow 602 may include some or all of the high-density
component of the fluid, along with a portion of the low-
density component. The rotation of the drum 111 causes the
high-density flow 602 to proceed radially outward through
the entrance 150, as shown. The low-density flow 604 may
include the remaining portion of the low-density component
and substantially none of the high-density component, and, in
one or more embodiments, includes a large portion of the
low-density component in comparison to the high-density
flow 602. After the high-density flow 602 is separated out, the
low-density flow 604 proceeds out of the separator 100 for use
in other systems (not shown).
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Referring now additionally to FIG. 2, upon entering the
entrance 150, the high-density flow 602 passing therethrough
may have radial, axial, and circumferential velocity compo-
nents. Accordingly, as the high-density flow 602 enters the
liquid collection chamber 105 via the entrance 150, it may be
directed to the interior wall 134. The high-density flow 602
may continue along the interior wall 134, which may cause a
vortex, as shown by arrow 210. The vortical trajectory of the
flow 210 may separate the high-density component from the
low-density component of the high-density flow 602 and
direct the high-density component outward, forcing it against
the interior wall 134, while the low-density component con-
tinues swirling in the vortex.

Referring now additionally to FIG. 5, when the flow of the
high-density component comes into contact with one of the
cutouts 138a-c¢ (FIGS. 1 and 2) and/or 520a-¢ (FIG. 5), it may
be deflected by the edge 420, or the third side 535, depending
on the embodiment. This may “arrest” (i.e., stop, obstruct, or
otherwise intersect or partially intersect) the vortical trajec-
tory of the high-density component, which may then be
directed in a circumferential direction (i.e., around axis X of
FIGS. 1 and 3) until received by the drain 132. When the
separated higher-density component is in the cutouts 138a-¢
and/or 520a-e, the turbulent vortical flow 210 of the unde-
flected low-density component may pass over the high-den-
sity component received in the cutouts 138a-c and/or 520a-e.
Thus, the vortical flow of low-density component may avoid
disturbing the separated high-density component, thereby
minimizing the potential for splashing. Avoiding splashing
may substantially avoid re-introduction of the high-density
component back through the entrance 105, thereby increasing
efficiency.

FIG. 6 shows a flowchart for a method 600 for separating a
first component of a fluid from a second component of the
fluid, wherein the first component has a higher density com-
pared to the second component. The method 600 may include
separating a portion of the first component of the fluid from a
portion of the second component of the fluid, as at 605. The
separation may take place in a separator, such as separator
100 shown in FIG. 1. The method 600 may proceed to 610,
which includes directing the separated first component of the
fluid to a chamber such that the first component is caused to
flow vortically along an inner wall defining the chamber. In an
exemplary embodiment, the chamber may be the liquid col-
lection chamber 105 shown in FIG. 1. Proceeding to 615, the
method 600 may include deflecting the first component of the
fluid in the chamber such that an axial component and a radial
component of a flow of'the first component flow in a generally
circumferential direction, wherein the deflecting is per-
formed utilizing a cutout extending generally radially from
the inner surface.

Embodiments of the present disclosure may facilitate the
orderly re-direction of liquids or other high-density compo-
nents of a flow from an entrance of a liquid collection cham-
ber to a tangential drain. These embodiments may be used to
facilitate high-velocity liquid separation and collection,
which is common in rotary separation systems. In one or more
embodiments, the above-described cutouts 138a-c, 520a-¢
may promote smooth complementary low-density compo-
nent (e.g., gas) flow in the liquid collection chamber 105,
allowing a separated high-density component to form a
smooth surface on cutouts 138a-c¢ and/or 520a-e. As such,
turbulent gas flow may not disturb the separated high-density
component, thus reducing splashing within the liquid collec-
tion chamber 105.

It will be appreciated that although the features of the
present disclosure have been described in the context of a
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rotary separator, this context is not necessarily to be consid-
ered limiting. In one or more embodiments, the separator 100
may be any type of centrifugal separator adapted to separate
substances having relatively high densities, such as liquids,
from a pressurized flow stream, such as a natural gas flow
stream. For example, the separator 100 may be a static sepa-
ration device, such as an inertial separator, a cyclonic sepa-
rator, a swirl tube, a driven rotary separator, a self-propelled
rotary separator, a centrifuge, or the like.

The foregoing has outlined features of several embodi-
ments so that those skilled in the art may better understand the
present disclosure. Those skilled in the art should appreciate
that they may readily use the present disclosure as a basis for
designing or modifying other processes and structures for
carrying out the same purposes and/or achieving the same
advantages of the embodiments introduced herein. Those
skilled in the art should also realize that such equivalent
constructions do not depart from the spirit and scope of the
present disclosure, and that they may make various changes,
substitutions and alterations herein without departing from
the spirit and scope of the present disclosure.

We claim:

1. A collection apparatus for a separator, comprising a
housing at least partially encircling a flow separation passage
and defining a chamber and a cutout, the chamber being in
fluid communication with the flow separation passage to
receive a separated flow therefrom, and the cutout extending
outward from the chamber to at least partially deflect the
separated flow, wherein:

the housing is stationary and at least partially encircles a

rotating shaft of the collection apparatus,

an interior wall of the stationary housing at least partially

defines the chamber and the cutout, and further defines

an entrance along an inner annular portion of the cham-
ber,

the cutout extends from an outer annular portion of the

chamber, the inner annular portion of the chamber is

disposed radially between the outer annular portion and
the rotating shaft, and the cutout comprises:

a first side of the interior wall of the stationary housing
and a second side of the interior wall of the stationary
housing,

the first side and the second side extending outward from
the chamber, the first side and the second side con-
nected to each other at a point on the interior wall of
the stationary housing, and

the interior wall of the stationary housing defining an
acute angle at the point of connection of the first side
and the second side on the interior wall of the station-
ary housing, the acute angle being measured between
the first side and the second side.

2. The collection apparatus of claim 1, wherein the cham-
ber is substantially toroidal and disposed around a centrifugal
separation zone of the separator.

3. The collection apparatus of claim 2, wherein the cen-
trifugal separation zone comprises a rotatable drum.

4. The collection apparatus of claim 2, further comprising
a drain coupled to the stationary housing and being in fluid
communication with and tangentially disposed with respect
to the chamber.

5. The collection apparatus of claim 2, wherein the interior
wall of the stationary housing is substantially tubular.

6. The collection apparatus of claim 5, wherein the cutout
comprises a plurality of cutouts spanning a cord of the interior
wall, the cord having a length of from about 50% to about
100% of a diameter of the interior wall.
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7. The collection apparatus of claim 5, wherein the interior
wall further defines a second cutout, the second cutout com-
prises a third side of the interior wall of the stationary housing
and a fourth side of the interior wall of the stationary housing.

8. The collection apparatus of claim 7, wherein the firstand 5
third sides meet at the interior wall to form a corner.

9. The collection apparatus of claim 1, wherein the first side
is arcuate.

10. The collection apparatus of claim 9, wherein:

the first side extends from the interior wall at an angle of 10

from about 5 degrees to about 15 degrees and extends a
length of from about 50% to about 70% of a radius of the
chamber; and

the second side is substantially free from curvature in a

radial direction and extends a length of from about 5%to 15
about 15% of the radius.

11. The collection apparatus of claim 1, wherein the cham-
ber is toroidal and extends circumferentially about the flow
separation passage.

20



